In this study, we investigated the leaf anatomy and the composition of volatiles in Myrrhinium atropurpureum var. atropurpureum endemic to Rio de Janeiro restingas. Particularly, leaf secretory structures were described using light microscopy, and histochemical tests were performed from fresh leaves to localize the secondary metabolites. To observe secretory cavities, fixed leaf samples were free-hand sectioned. To evaluate lipophilic compounds and terpenoids the following reagents were employed: Sudans III and IV, Red oil O and Nile blue. Leaf volatiles were characterized by gas chromatography after hydrodistillation (HD) or simultaneous distillation-extraction (SDE). Leaf analysis showed several cavities in mesophyll that are the main sites of lipophilic and terpenoid production. Monoterpenes, which represented more than 80% of the major volatiles, were characterized mainly by α-and β-pinene and 1,8-cineole. In order to provide tools for M. atropurpureum identification, the following distinguishing characteristics were revealed by the following data: 1) adaxial face clear and densely punctuated by the presence of round or ellipsoidal secretory cavities randomly distributed in the mesophyll; 2) the presence of cells overlying the upper neck cells of secretory cavities; 3) the presence of numerous paracytic stomata distributed on the abaxial leaf surface, but absent in vein regions and leaf margin; and 4) non-glandular trichomes on both leaf surfaces. Our study of the compounds produced by the secretory cavities of M. atropurpureum led us to conclude that volatile terpenoid class are the main secretory compounds and that they consist of a high concentration of monoterpenes, which may indicate the phytotherapeutic importance of this plant.
The Atlantic Rain Forest is among the world's foremost biodiversity hotspots [1a] . From evolutionary and conservation view points, the Atlantic coastal vegetation of Brazil, particularly in the case of the state of Rio de Janeiro, should be treated as a mosaic comprising all forest types and also the neighboring open vegetation [1b,1c] . Within this environment, a plant community represented by usually arbustive-herbaceous vegetation, known as a restinga, is located in part in Rio de Janeiro State. Restinga ecosystems are areas of coastal plains covered by marine deposits, which are the result of geological processes that occurred during the Quaternary, around 5 thousand years ago [2] . In this peculiar environment, plants are influenced by the Atlantic Ocean and thus subjected to high salinity and high temperatures. This ecosystem presents different physiognomies and diverse flora where Myrtaceae is one of the most important families. Plants in this area are under high risk of extinction as a consequence of increasing land development.
Myrrhinium atropurpureum Schott var. atropurpureum (Myrtaceae), which is restricted to Rio de Janeiro restingas, is a native source of medicinal compounds used as astringents and antimicrobials. A different variety, M. atropurpureum var. octandrum Bentham (syn. M. loranthoides Hook. et Arn.), may be found in Brazil's southland to Uruguay and northwestern Argentina to Ecuador [3] . M. atropurpureum var. atropurpureum differentiates itself by having ovaries with 10-14 ovules per locule, leaves 1.7-2.5 times longer than wide, with thick blades and a leathery margin that is strongly revolute. This species is a large evergreen shrub, or small tree, reaching from 1.5 to 5.0 m high. In Brazil, M. atropurpureum is known as "pau-ferro", "carrapato" and "murtilo". It is an ornamental plant with aromatic leaves and fleshy, sweet and swollen flower petals commonly used as food for birds [4] . Similar to other Myrtaceae species, M. atropurpureum presents large secretory cavities in leaves, a peculiar structure that is a taxonomic feature responsible for the accumulation of important secondary metabolites involved in plant defense [5, 6] . In order to register a phytotherapeutic, it is necessary to perform a macroscopic and microscopic characterization of plant material to help identify a given species, as well as define its phytochemical features. Therefore, the purpose of the current study was to characterize the leaf anatomy and localize the leaf volatile secretory structures of M. atropurpureum, in addition to investigating the composition of volatiles produced in such secretory structures.
M. atropurpureum specimens are described as shrubs up to 5 m with opposite phyllotaxy ( Figure 1A , B) Adult leaves are elliptical, obtuse or rounded apex; base acute or rounded; margin revolute, leathery and discolored, with the adaxial face clear and densely punctuated by the presence of secretory cavities. M. atropurpureum produces flowers with petals elliptical to oval, 4-5 x 2-3 mm, red in floral bud, becoming purple or pink, juicy and sweet in full anthesis (Figures 1B-D) [7] . As discussed by Roitman et al. [4] , this floral type is very uncommon and seems to be restricted to some genera of Myrtaceae and Scrophulariaceae, both of which occur in South America.
In frontal view, both faces of M. atropurpureum leaves are covered by an epidermis composed of common cells with straight and thickened walls (Figure 2A) . In cross section, the epidermis is uniseriate and covered with a thick cuticular layer, especially on adaxial surface, as revealed by Sudan III and IV tests ( Figure 2I -J). These features are common to species occurring in dry places under high temperature and intense light [8a] , as well as leaves of plants found in areas with saline soil near the sea (halophytes and psamophilous plants) [8b,8c] . In environments where the availability of nutrients in the substrate is reduced, such as Brazilian salt marshes, or restingas, the cuticular layer and dense wax deposits observed in leaves of some Myrtaceae [9] can serve a protective function by reducing the loss of phosphorus and potassium by leaching [10] .
While numerous paracytic stomata are randomly distributed only on the abaxial leaf surface, they are absent in the vein regions and leaf margin ( Figures 2E-F) . On both surfaces of the epidermis, isolated cells, or groups with two, three, and even four colorless cells, are observed, separated from each other by a strongly cutinized wall (Figure 2A-B) . The cross section evidences that these cells are related to oil secretory cavities in mesophyll. Around these sets, or groups of cells, the remaining epidermal cells occur concentrically. These cells, called overlying cells [9, 12] , can occur frequently, either in isolation or in pairs, and they are distinguished by low affinity for histological staining. In M. atropurpureum, the cell walls between overlying cells are straight and strongly cutinized ( Figure  2A ). It is possible that these special cells are related to the elimination of secretions, which are mainly composed of volatile compounds accumulated in the secretory cavities, by the intense reaction of cell wall thickening to reagents for lipophilic substances. Similar anatomical results were observed by Donato and Morretes [6] for Eugenia brasiliensis. The authors cite the study of List et al. [12] , in which Melaleuca alternifolia (Myrtaceae) leaves, when subjected to a vacuum, release drop of oil on the surface through overlying cells. Judging from studies of other Myrtaceae species, such as Myrcia sp. and Campomanesia sp. [11] we suggest that overlying cells are involved in the process of aroma elimination on the leaf surface, based on the strong olfactory properties of Myrtaceae population in natural habitats (personal observations).
Non-glandular trichomes are observed on both leaf surfaces ( Figure 3) . A second trichome type was observed and it was pluricellular, rounded-shape, and accumulate phenolic substances (Figures 2D, G; 3). These trichomes are composed of two or three cells in the basal region with one apical enlarged cell ( Figures 2E-F) . Some of these trichomes can occur near the overlying cells. Only phenolic substances are detected in these epidermal appendages. No mention of these types of trichomes is found in the literature, but, given the saline environment in which the studied plants live, these trichomes could be related to the elimination of salts impregnated in plant tissues, as proposed for Eucalyptus species living in salinized soils [13] .
The cross section shows that the secretory cavities are round or ellipsoidal and outlined by slightly thickened cell walls. Internally, the secreting cells have a thin wall, and they show positive reaction to tests for lipophilic compounds ( Figures 2I-N) . The cavities are randomly distributed in the mesophyll, and they accumulate a yellow-greenish secretion in fresh material (Figure 2A. ). Under the adaxial surface, the secretory cavities are located more deeply, and they connect with the epidermal layer through a series of cells that form a "neck" (Figures 2B-C). As suggested previously, the set formed by the neck cells is also possibly related to the elimination of secretions that are mainly composed of volatile compounds accumulated in the secretory cavities. On the abaxial face, the cavities are near the epidermis, or separated from it by a pair of cells. The histochemistry analysis confirmed that the content of secretory cavities of M. atropurpureum is lipophilic in nature, as revealed by the positive reaction with Sudan IV and Nile blue tests ( Figures 2I-N) . The Nile blue test showed that the lipids produced in the secretory cavities have an acidic composition ( Figures 2L-N) , and the positive reaction with Sudan confirms their volatile property ( Figures 2I-J) .
The number of secretory cavities in the leaf may be affected by environmental conditions. For instance, in Eugenia brasiliensis, which inhabits two contrasting environments in the Atlantic Rain Forest (Brazil), the number of secretory cavities in both faces of foliar blade was lower in individuals inhabiting moist shaded areas than individuals collected in the mostly dry and brightly lit areas at sea level, suggesting that the development of some tropical plants in restinga areas may reflect a greater production of essential oils and other compounds associated with therapeutic effects, in contrast to plants growing in shaded areas [6] .
The palisade is formed by two layers of narrow, thinwalled cells, and the spongy parenchyma has up to 12 layers of voluminous cells with thin walls, presenting, a leaf with isolateral structure. Tiny druse-type crystals were observed in the chlorenchyma cells. Phenolic reaction was observed in all mesophyll. Such features are typically found in xeromorphic plants growing in saline or dry environments, where a reduction in nutrients and water is common [8b]. The vascular system of the leaf blade is composed of vascular bundles with phloem proportionally more abundant than xylem ( Figure 2H ). Some morphoanatomical and phytochemical features of resistance to restinga environment conditions are recognized in M. atropurpureum: thick cuticle and walls in the epidermis, secretory structures, thick leaves, possibly accumulating water, and phenolic compounds. The lipophilic substances that accumulate in the cavities may also be a chemical defense that confer protection against herbivory.
The presence of lipophilic content observed in the secretory cavities led us to a phytochemical analysis of the composition of the volatiles, which is summarized in Table  1 . The lipophilic nature of the secretion was detected after reaction with Nile blue, which showed blue staining indicative of lipid acids, in agreement with the presence of 1,8-cineole, which is weakly acid with a hydroxyl in its chemical structure. Positive reaction to Sudan confirmed the lipophilic character of the contents of secretory cavities. The leaf volatiles were found to be very poor in sesquiterpenes. Using both extraction methods, the components found in greater concentration among the volatiles were α and β-pinene and 1,8-cineole. On the other hand, the oil composition of the var. atropurpurem from southern Brazil presented limonene (35%), 1,8-cineole (23%) and α-pinene (12%) as the main compounds [14] . Based on our studies comparing volatiles from plants of the Grumari and Marambaia restingas, we found the concentration of α-pinene to be equally high. Similarly, α-pinene (75%) was found to be the main component in the volatile compounds of a different variety (M. artopurpureum var. octandrum) from Argentina [15] . This result may indicate that α-pinene is a plant marker compound in this genus.
We compared volatiles from M. atropurpureum collected from two distinct restingas during the same period (July, 2010). Using SDE, we showed variations in concentrations of the monoterpenes β-pinene, 1,8-cineole and γ-terpinene between Marambaia and Grumari restingas. In samples from Marambaia, there was a significant increase in 1,8-cineole and γ-terpinene concentrations, while in Grumari, an increase in β-pinene was revealed. However, no difference was found in α-pinene concentration, as noted above. These data demonstrate how the environment affects the production of volatiles, even though both restingas are in the same State, Rio de Janeiro.
According to Araújo [16] , the restingas that occur in Rio de Janeiro can be divided on the basis on their flora and the physiognomy of ten types of vegetation, as influenced by both topography and climate. The Marambaia restinga is formed by a largely well-preserved extension of sand dunes approximately 40 km long. This area forms an eastwest peninsular-like extension of the continent into the Atlantic Ocean linked to Marambaia Island. In contrast, Grumari is one of the smallest remaining restinga fragments located within the metropolitan area of Rio de Janeiro which has experienced increasing degradation by the expansion of farmland areas, contributing, in turn, to the loss of this habitat. The hydrodistillation method was used to obtain essential oil. Similar to SDE, HD revealed the following major components: pinenes (35.0%) and 1,8-cineole (33.0%). β-caryophyllene and its oxide, spathulenol, globulol and guiol were the main sesquiterpenes found, totaling 16.9%. Therefore, considering the different methods of extraction, HD and SDE, for samples collected in April (HD) and July (SDE) in the same restinga -Grumari, the main volatile constituents, α and β-pinene and 1,8-cineole, presented significant differences in relative concentrations. That is, by using HD, α-pinene (25.5%) and β-pinene (9.5%) presented reduced concentrations, while the concentration of 1,8-cineole (33.0%) was high when compared to the SDE method where a reduction of only 1.7% for 1,8-cineole was found, but an increase in both α-pinene (54.0%) and β-pinene (22.0%). These differences in volatile composition may have resulted from the extraction method used or the influence of relative humidity and precipitation in accordance with seasonal variation in April and in July.
Overall, therefore, phytochemical analyses of the volatiles showed the presence of compounds with pharmacological interest in that the lipophilic content of secretory cavities and phenolics have previously been reported to demonstrate antibacterial, antifungal, anti-inflammatory and antioxidant activity [17,18a] .
In conclusion, the leaf secretory system has numerous cavities with circular lumen close to the interface between the epidermis and the parenchymas. Histochemical reagents, such as Nile blue and Sudan, showed that these secretory cavities are responsible for the production of essential oil and lipophilic compounds. This finding agrees with volatile composition obtained by GC-FID and GC-MS, in which it was found that the main compounds were monoterpenes, such as pinenes and 1,8-cineole, representing more than 50%. These morpho-anatomical and phytochemical data based on our study of M. atropurpureum var. atropurpureum from restinga areas may help in species identification, and the volatile composition of this plant, consisting of pinenes and 1,8-cineole, has specific implications in the context of phytotherapeutics. Leaf anatomy and histochemistry: Mature leaves of two to three individuals were taken from the third or fourth nodes from the apex of the branch. The leaves were fixed in FAA 70 and preserved in 70% ethanol. The leaves were free-handed, or, by using a Ranvier microtome, sectioned in longitudinal and transverse planes. The sections were clarified in sodium hypochlorite and rinsed in 1% acetic acid and distilled water. Afterwards, the samples were stained with alcian blue and fucsin 0.1%. The epidermis was described using leaf segments separated by the solution of Franklin [18b], stained with 0.25% fuchsin in 50% ethanol. All samples were mounted in 50% glycerin on slides with cover slips. For scanning electron microscopy (SEM), fixed leaves were dehydrated in graded ethanol series, submitted to critical point drying with CO 2 (Leica EM CPD-030), mounted on stubs, and coated with a thin layer of gold (Denton vacuum Desk IV, LLC). The samples were analyzed with a JEOL JSM-6490LV scanning electron microscopy (JEOL, Tokyo, Japan).
Experimental
Histochemical tests were performed on fresh leaves from the Marambaia restinga, sectioned by the free-hand method, and submitted to Sudan III, Sudan IV [19a] Control procedures for histochemical tests were carried out. All samples were rinsed with distilled water before mounting in glycerin on slides with cover slips. To confirm the nature of calcium oxalate crystals, tests were carried out with acetic acid and hydrochloric acid [19a] . All samples were rinsed with distilled water and mounted in glycerin on slides with cover slips. Observations were carried out and captured on light microscopy Olympus ® (BX-41).
Volatile extraction and gas chromatography analyses:
Two extraction methods were used: hydrodistillation (HD) and simultaneous distillation-extraction (SDE). For the HD method, fresh leaves (50 g) of M. atropurpureum were cut and submitted to a Clevenger-type apparatus for 2h, yielding 0.4% v/w of the oil. For the second extraction method, fresh leaves (5 g) of M. atropurpureum were homogenized with 50 mL of distilled water and submitted to SDE for 2 h [20a] . A 2 mL volume of dichloromethane was used as an organic collecting solvent and placed in the solvent flask. Boiling chips were added to both flasks. Mineral oil bath under stirrer/heat plate was used to apply heat to flasks. The heating temperatures for the sample and solvent flasks were controlled to 110-130 o C and 55-60 o C, respectively, so that boiling in sample flasks began, and extraction was carried out for 2 h. The vapors were condensed as a result of the circulation of cooling water pumped to the apparatus. HD and SDE samples were introduced to GC/FID and GC/MS for analysis.
Analytical GC (gas chromatography) was carried out on a Varian Star 3400 gas chromatograph fitted with a DB-1-MS column (30 m × 0.25 mm i.d., 0.25 μm film thickness) and equipped with flame ionization detection (FID). Temperature was programmed from 60ºC to 240ºC at 3°C/min. The injection consisted of 1 μL of distilled oil diluted with dichloromethane obtained by SDE. And, the essential oil obtained by HD was diluted in dichloromethane (1:1). Hydrogen was used as the carrier gas at a flow rate of 1 mL min -1 . The injector temperature was 260°C, with interface temperature of 200 o C. Leaf volatile samples were analyzed in splitless mode. GC-MS analyses were carried out on a Shimadzu Model GC-MS-QP 5000 fitted with a HP-5/MS fused silica capillary column (30 m x 0.25 mm i.d., 0.25 μm film thickness). GC-MS conditions were the same as above, except for 1) helium which was used as the carrier gas at a flow rate of 1 mL/min and 2) the mass spectrometer which was operated on electron impact mode at 70 eV, at a scan rate of 0.5 scans/s and fragments from 40 to 500 Da. Quantification was performed from GC-FID profiles using relative areas (%). Identification of components in the volatiles was based on retention indices relative to n-alkanes (C 8 -C 19 ) and computer matching with the National Institute of Standards and Technology (NIST 98) library, as well as by comparison between mass fragmentation patterns and those reported in the literature [14, 20b] .
